There has been a marked increase in the resistance of Shigella sonnei to ampicillin in the past several years. This has been seen in Great Britain, New Zealand, and the United States (1, 8, 13 ). The precise mechanism of the resistance has not been defined in each of these reports, but work from both Great Britain and New Zealand has suggested that there are two forms of resistance, both of which are due to /8-lactamase production. One is a low level of resistance, which is not transmissible, and the other is a high-level transmissible resistance (13) . Recently, we studied the antimicrobial resistance of Shigella isolated in New York City in 1973 (8) and found that 60% ofS. sonnei were ampicillin, tetracycline, and streptomycin, and strains resistant to ampicillin alone transferred resistance to ampicillin or penicillin, whereas 13 of 16 strains with a resistance pattern of ampicillin, tetracycline, and streptomycin and 13 of 16 strains with a pattern of ampicillin, tetracycline, streptomycin, and sulfonamide resistance transferred resistance. We therefore sought to determine the nature of the 8-lactamases activity in selected strains of different antibiotic resistance patterns.
MATERIALS AND METHODS
Isolates from patients in New York City were provided by various hospitals. In addition, recent isolates from the Columbia-Presbyterian Hospital were used. Escherichia coli K-12 (W1485), nalidixic acid resistant, was used as a recipient in mating experiments.
Minimal inhibitory concentrations (MICs) were determined by use of a multiple inoculator device, which delivered 105 colony-forming units to MuellerHinton agar plates containing the antibiotics in twofold increasing concentrations. Broth dilutions were performed in Mueller-Hinton broth using 105 colony-forming units as inoculum.
S. sonnei strains resistant to ampicillin and/or cephalothin were mixed using 0.1 ml of donor culture and 0.9 ml of recipient culture in a final volume of 10 ml of Trypticase soy broth (BBL) with E. coli K-12 (nalidixic acid resistant). The culture was incubated overnight at 37 C without aeration. The mixture was plated on eosin-methylene blue agar, which contained 30 ,ug of nalidixic acid plus 30 ,ug or 100 j,g of cephalothin or nalidixic acid per ml plus 30 jug or 100 ,Ag of ampicillin per ml. Lactose-fermenting colonies were selected, purified, and shown to be E. coli by biochemical reactions.
Colicin production was tested using the methods of Frederiq (2) . The colicin types ofthe Shigella were determined by John D. Nelson of Dallas, Tex.
Crude enzyme extract was prepared by the following technique. Organisms were grown to late-logarithmic phase in Mueller-Hinton broth. The bacterial cells were separated by centrifugation at 10,000 rpm in a Sorval RC2B centrifuge at 23 C and washed twice with potassium phosphate buffer, pH 7.0 (50 mM). The organisms were suspended in buffer at a concentration of 3 x 109 ml and disrupted sonically with a Branson sonifier. The cellular debris and ribosomes were removed by centrifugation, and the supernatant material was dialyzed against 25 mM potassium phosphate buffer for 36 h. This material was used for enzyme assays, protein determinations, and acrylamide electrophoresis. ,8-Lactamase activity was determined by a modification of the Novick (11) microiodometric method; the assay was run at pH 7.0 at 30 C. Protein was assayed by the method of Lowry et al. (5) . Inhibition of cephalosporin hydrolysis was determined by using 100 mM cephaloridine as substrate and following the decrease in absorption at 255 nm in the presence of 50 mM cloxacillin or 25 mM sodium chloride as described earlier (7) . VOL. 9, 1976 Anionic acrylamide electrophoresis was run in tris(hydroxymethyl)aminomethane-glycine buffers (pH 8.9) as earlier described (9) . Samples were cut, eluted in phosphate buffer, and assayed for hydrolytic activity against penicilli.n and cephalothin using the microiodometric or spectrophotometric assays.
RESULTS
The resistance patterns of the ampicillin-resistant S. sonnei studied are shown in Table 1 . None of the strains resistant only to ampicillin and cephalothin transferred resistance to 38-lactam compounds. Ampicillin resistance was transferred by all except two of the other strains. Only one of the 16 strains resistant to cephalothin transferred cephalothin resistance. AT S Ce 4 3 AT S Su 7 6 AT S SuCe 6 5 a A, Ampicillin; Ce, cephalothin; Su, sulfadiazine; K, kanamycin; S, streptomycin.
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The MICs of a number of f8-lactam (penicillin and cephalosporin) antibiotics against these strains are given in Table 2 . The MIC of ampicillin for 29 ofthe 37 strains tested was in excess of 400 ,ug/ml, and those for the remaining strains were 100 to 400 ug/ml. Of these latter strains, the MICs of carbenicillin for seven strains were 12.5 to 50 ,Lg/ml. There were 6 strains that required cephalothin MICs in excess of 400 ,ug/ml, and 12 strains required cephalothin MICs of 25 ug/ml or greater. The majority of strains required MIC values for cefoxitin, cefamandole, cefazolin, and cephalexin below 3.1 ,ug/ml. All but one Shigella strain was susceptible to 1.6 ,ug or less of the f3-amidino penicillin mecillinam per ml, in spite ofthe fact that the strains hydrolyzed mecillinam.
Six strains were selected for further study. The MIC values of a number of (3-lactam antibiotics against these organisms are given in These strains were examined for f-lactamase activity. Table 4 shows that comparison of the Table 5 . There are marked differences in the absolute levels of /3-lactamase activity among the strains. Three of the strains that failed to transfer /3-lactamase activity, 61-A, 2701, and 653, showed fairly similar absolute activity against benzyl penicillin, whereas strain 10-127, a strain that did not transfer resistance, and the two strains 4-18 and 10-101, which transferred resistance, were much more active against benzyl penicillin. It is also to be noted that the absolute 63-lactamase activity of strain 10-101, which hydrolyzed oxacillin, is greater against oxacillin than is the best activity of strains 61-A, 2701, and 653 against benzyl penicillin or cephalothin. Indeed, the activity of strain 4-18 against cephalothin was relatively poor.
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It should be noted that there is no correlation between the inhibitory concentration of an antibiotic and the amount of the antibiotic hydrolyzed (Tables 3 and 5 ). For example, Shigella strain 2701 hydrolyzes cephaloridine more effectively than it does ampicillin or cephalothin, yet there are 16-fold differences in the MICs of cephaloridine and ampicillin or cephalothin. Likewise, for strain 4-18 the cephalothin and cephaloridine MIC values were 12.5 ,tg/ml, but five times as much cephaloridine was hydrolyzed per minute.
Further characterization of the (8-lactamases was attempted by use of cloxacillin and sodium chloride inhibition of the hydrolysis of cephaloridine. Table 6 illustrates the results. Although the ,B-lactamases of strains 61-A, 653, and 2701 were not inhibited by cloxacillin, they 9, 1976 showed different responses to sodium chloride. The 13-lactamases of the two strains that transferred (8-lactam resistance to E. coli K-12 were inhibited by cloxacillin, but the degree of inhibition differed and f8-lactamase of strain 10-101 was stimulated by sodium chloride. Acrylamide gel electrophoretic analysis of enzymes from the strains revealed minor differences in migration, suggesting that a number of the enzymes are of similar molecular size, although differing markedly in activity. One of the strains, 4-18, which transferred ampicillin resistance, apparently did not transfer all flactamase activity since there appeared to be two separate enzyme activities; strain 10-101 did transfer both activities. In the case of strain 10-101, the less rapidly migrating band contained the cephalosporin activity when the strips were assayed for hydrolytic activity against cephalothin.
DISCUSSION
The f8-lactamase activity found in these strains of S. sonnei does not resemble the f8-lactamase resistance commonly found in E. coli (11) and Salmonella (9) . Strain 2701 is similar to some of the strains described by Smith et al. (13) , but it possesses a much higher level of resistance. Although there are undouibtedly differences in the methods used to determine the MICs, the Shigella we encountered often were resistant to over 400 ug of ampicillin per ml and yet failed to transfer resistance to suitable recipients. This contrasts with the low-level, nontransferable resistance described by Smith et al. (13) .
It is of note that a number of the strains of S. sonnei that required ampicillin MIC values of 100 to 400 ,ug/ml were susceptible to carbenicillin, with MIC values below 50 ,g/ml. Also, all of the ampicillin-resistant strains, whether low or high producers of ,8-lactamase, were inhibited by the amidino penicillin mecillinam. In all but one strain resistance to cephalothin correlated with nontransfer of resistance. The fact that cefoxitin, which is resistant to hydrolysis by f8-lactamases, is active against cephalothin-resistant strains suggests that 83-lactamases are important in resistance to cephalosporins. However, none of the strains are highly resistant to cephaloridine and cefazolin, which are readily hydrolyzed. Thus, resistance of Shigella to cephalosporins must be a combination of factors as is seen with organisms like the enterobacters (10) .
These studies demonstrate that, with the de-S. SONNEI f3-LACTAMASE ACTIVITY 779 velopment of new cephalosporins, further subdivision of standard classifications may be necessary (3, 4) . It was possible to demonstrate six different types of activity based on the substrate profiles and inhibition studies. Since organisms can carry more than one /3-lactamase, as strains 4-18 and 10-101 demonstrate, further studies will have to be done on enzymes separated by techniques such as isoelectric focusing (6) or affinity chromatography.
Although the ampicillin resistance of the majority ofthe strains ofShigella was mediated by R factors, the level of resistance is such that infections would not be cured by an aminopenicillin. Thus this form of chromosomal resistance is of equal clinical importance. The mechanism by which this selection of resistant strains has occurred in the northeastern United States is unknown.
